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Abstract 
Inadequate and delayed maintenance of roads leads to road accidents. Several maintenance components like poor surface 
condition (big pothole etc.), improper traffic signs and marking, poor lighting etc. affects road safety. However, road 
maintenance is generally limited to improving carriageway surface condition like filling pothole etc.  without replacing 
missing traffic signs, road marking and other safety features essential for creating a safe road network. Huge resources are 
required to maintain the road network in safe operating condition. Thus, Identification of critical maintenance components 
and their ill effects on road safety is the first and most important task of assessing the maintenance needs for improving road 
network safety.  However, literature review indicated that limited studies are available on identification of ill effects of 
various maintenance components on road safety. Hence, this study presents how poor maintenance of various road 
components leads to road accident and also identifies effectiveness of various maintenance components in reducing road 
accidents. Further, a hierarchical structure is developed based on the identification of ill effect of poor maintenance on road 
safety and by considering inter-relationship between various maintenance components and sub-components. The study also 
presents a check list for maintenance components to be evaluated for assessing road safety hazardous conditions. It is 
expected that this study will be useful for assessing the maintenance needs and to assess the effectiveness of various 
maintenance components in safety improvement. Thus, the study is expected to be useful to justify the resource requirement 
for road safety improvement. 
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1. Introduction 
 Road accidents are a leading cause of death and injury worldwide and it becomes a matter of great personal 
tragedy, tremendous social and economic costs in terms of valuable lives lost, medical treatment, insurance and 
damage to public and private property. Every year more than 1.17 million people die in road accidents around the 
world. Over 10 million are crippled or injured each year (World Bank, 2013). The total direct and indirect cost of 
road accident is estimated about 1-3 % of total gross domestic product in most of the countries worldwide. During 
the decade 2001 to 2011 the number of road accidents in India increased at a Compound Annual Growth Rate 
(CAGR) of 2.1 %. Similarly, the number of road accident fatalities and the number of persons injured in road 
accidents in the country between 2001 and 2011 increased by 5.8 per cent and 2.4 per cent, respectively 
(MORT&H, 2011). Poor road maintenance is one of the major and most ignored factors among all other factors 
affecting road safety in India (Bhawsar, Agarwal & Mehar, 2012). A Critical review of the literature (Desai and 
Patel, 2011) indicated that about 10 to 20 % accidents in India are due to poor condition of roads. Details of road 
accidents due to road defects are presented in Table 1 (MORTH, 2012). It is to be noted that road accident due to 
other causes also includes road accidents due to poor maintenance of street lighting etc. Poor maintenance of 
various road components leads to road accident. Several maintenance components like poor surface condition 
(big pothole etc.), poor shoulder conditions, improper traffic signs and marking, poor lighting etc. affects road 
safety.  
Table 1: Details of Road Accidents in India due to road defects (2011)  
Causes of Accident Road Defects Other Causes* 
No. of Accidents  7,327 73,618 
No. of Persons Killed  2,373 24,654  
No. of Persons Injured  7,705 75,431 
* : Includes Poor light condition, Falling of boulders, Neglect of civic bodies, Stray animals, Fault of Driver of other vehicles, Fault of 
Passengers, other causes and causes not known. 
Source: MORT&H (2012).  
Frequently, maintenance is limited to filling pothole and cleaning drainage facilities without replacing missing 
traffic signs, road marking, guard rails and other safety features essential to create a safe road network (World 
Bank, 2013). Therefore, it is important that road engineers need to be aware of maintenance components like poor 
lighting, traffic signs, road obstructions etc. that may require a higher than normal level of maintenance to keep 
the highway in good and safe condition (MOST, 1998).  Thus, Identification of critical maintenance components 
and their ill effects on road safety is the first and most important task of assessing the maintenance needs for 
improving road network safety.  However, literature review indicates that limited studies are available on 
identification of ill effects of various maintenance components on road safety. Hence, this study presents how 
poor maintenance of various road components leads to road accident and also identifies effectiveness of various 
maintenance components in reducing road accidents. Further, a hierarchical structure is developed in this study 
based on the identification of ill effect of poor maintenance on road safety and by considering inter relationship 
between various maintenance components and sub components. 
This paper consists of four sections. This first section identifies the need of the study. Second section presents 
the identification of ill effect of poor maintenance on road safety. Third section presents development of a 
hierarchical structure for identification of critical maintenance components and also presents the check list for 
maintenance components to be evaluated for assessing road safety hazardous conditions. The last section presents 
the important conclusions drawn based on this study. 
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2.  Identification of Ill Effect of Poor Maintenance on Road Safety 
This section presents how poor maintenance of various road components leads to road accidents and 
effectiveness of various maintenance components in reducing road accidents. As discussed earlier, inadequate and 
delayed maintenance is one of the important causes of road accidents. Hence, it is important to assess the 
maintenance need of a road network to improve road safety in a comprehensive manner. However Literature 
review indicated that most of the studies to assess the maintenance need focus only on surface distress related 
maintenance components and other important maintenance components like adverse geometrical condition, 
improper furniture condition and other obstructions hazardous conditions are being ignored or neglected.   
A number of critical maintenance components of the roadway have a direct effect on safety like cross-section, 
pavement surface, road side condition, shoulder drop off, traffic signs, signal, road marking, drainage conditions 
etc. (MOST, 2011). These components are cheap and cost effective ways for improving road safety. Adequate 
maintenance of such components is a major factor in level of safety of a specific road network. Engineer should 
be aware of all maintenance components that are required for road safety improvement. The expected ill effect of 
poor maintenance on road safety hazardous condition and effectiveness of proper maintenance in improving road 
safety are presented in Table 2. Data related to effectiveness of proper maintenance in reducing road accidents In 
India the effectiveness of proper maintenance in reducing road. It is indicated from the Table 2 that adequate and 
timely maintenance of road deficiencies can reduce the number of road accidents like if rut depth is removed, 
25percent of accidents can be reduced (ARRB April, 2011) & so on. Similarly the provision of proper street 
lighting up to 45 percentages of road accidents can be reduced.  
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Table 2: Identification of ill effect of poor maintenance on road safety hazardous condition 
Maintenance Component  Effect on Safety Hazardous Condition* Maintenance Effectiveness in 
Reducing  Road Accidents  
(Source are given in parenthesis )  
A. Poor Surface Condition 
A.1 Carriageway Surface Condition 
Rut depth (> 20 mm) Causes out of control to vehicles  - 25% (ARRB April,2011) 
Skid resistance (0.6 to 0.35) It can enhance skidding of motorist vehicles. - 25%  (ARRB June, 2011) 
Edge wear It can hazardous while moving the vehicle from roadway to 
shoulder. 
-1 to -1.5% (ARRB April,2011) 
Potholes, Undulations Causes to vehicle damage and swerve suddenly NA** 
A.2 Poor Shoulder condition 
Shoulder Drop-
off(>75mm) 
Create safety hazardous to road user 
Allow water to penetrate into subgrade 
Restrict drainage away from the roadway 
NA** 
Unsealed shoulder surface Vegetation Create secondary ditches and inhibit drainage 
Debris, stones on shoulder create unsafe condition for vehicle 
that leaves the road way 
- 40%  (ARRB June, 2011) 
B. Adverse Geometrical Condition 
Improper road width Causes traffic congestion on road NA** 
Median absence Causes unregulated traffic flow Up to 90%  (ARRB June, 2011) 
Improper sight distance  At curves, intersections chances of hitting an object are more 
with unexpected obstruction on carriageway. 
-33% (ARRB April,2011) 
Improper gradient Can lead to drainage problem NA** 
Improper super elevation  Friction between tyre and road surface becomes much higher 
hence Increases the risk of accident 
Up to 60% (Bindra, 2006 ) 
Intersection without  islands Causes heterogeneous traffic flow -20% (Bindra, 2006) 
Staggering of cross roads  Improper angle of cross roads affect visibility  with sharp turning -60 to -85% (Bindra, 2006) 
Improper extra widening Causes accident risk on smaller radius curve NA** 
C. Improper Furniture conditions 
Faded road marking Promote Irregular traffic flow -20%  (ARRB April,2011) 
Reduce the road safety and smooth flow of traffic   
Improper traffic signs Unable to convey the information regarding road features to the 
road user due to poor visibility 
Loose the confidence of driver due to improper location 
Up to 50%  (ARRB April,2011) 
Poor street lighting Dangerous during night to the drivers 
Creates unsafe condition to pedestrians  
Up to 45%  (ARRB June, 2011) 
safety barrier absence At sharp drop-off can cause safety hazardous Up to 30%  (ARRB June, 2011) 
Improper traffic signal May lead to violation of control system 
Creates confusion to the rod user 
Causes certain types of accidents 
NA** 
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D. Other Hazardous Conditions 
Water ponding on surface Vehicle cannot be steered or stopped easily NA** 
Very dangerous, particularly for motorcycles and bicycles.  
Heavy vehicles can creates rut on wheel path  
Silting of side drain Can influence free flow of drain water NA** 
Erosion on ditches Creates steepened of shoulders  
Reduce the effectiveness of drainage system 
NA** 
Ditches side slop To steep and deep ditches can cause the vehicle to roll over NA** 
Damage Drainage structure Safety hazardous to the motorists NA** 
Traffic Obstructions Causes problem in visibility, Increases hitting chances -10 to -12%  (Bindra,2006) 
*Source: MORT&H (1983), CTRE (2006), MOST (2011), MORT&H (2012) and Yuan, L., Lu, J., Zhang, G., and Xiang, Q. (2008) 
 ** Not Available 
3. Development of A Hierarchical structure 
Main objective of this study is to develop a hierarchical structure for identification of critical maintenance 
components that affect road safety. This hierarchical structure is aimed at providing guidance in identifying 
critical maintenance components for improving road safety. This structure is developed in such a manner that it 
includes all critical maintenance components that affect road safety. An overall hierarchical structure is developed 
for identification and evaluation of road safety hazardous conditions. At the top of this structure lies the main 
objective of Road safety hazardous conditions which are to be assessed at network level for maintenance. 
Therefore road safety hazardous conditions are decomposed in three sections hazardous conditions (I) straight 
section hazardous conditions (II) Curve section hazardous conditions (III) Intersection section hazardous 
conditions. Overall hierarchical structure is presented in Figure 1. Further the process of decomposition is such 
that the critical maintenance components are structured in a hierarchical framework for each road sections 
separately.  
 
 
 
 
Figure 1: Hierarchical Structure for decomposition of road safety hazardous conditions for improving road safety.  
As various components at straight section, at curve section and at intersection may have different importance 
for maintenance to improve road safety, three different hierarchical structures are developed for safety hazardous 
conditions at straight section, at curve section and at intersections respectively. 
Hierarchical structure for identification of straight section hazardous conditions is presented in Figure 2. At 
next level straight section hazardous conditions identifies four major conditions these are (i) poor surface 
condition (ST) (ii) Adverse geometrical condition (ST) (iii) improper furniture condition (ST) (iv) Other 
hazardous condition (ST). Further at next level (i) Poor surface condition is decomposed in (a) poor carriageway 
condition (ST) (b) poor shoulder condition (ST) and (iv) Other hazardous condition (ST) decomposes in (a) 
Traffic obstruction condition (b) Poor drainage condition. Finally, this hierarchical structure identified 15 critical 
maintenance components. These components are designated in figure 1as SMC-1 to SMC-15 (for example, 
Straight Section  
Hazardous conditions 
Curve Section 
Hazardous Conditions
Intersection  
Hazardous Conditions
Road Safety 
Hazardous Conditions 
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disintegrated surface (SMC-1), poor shoulder condition (SMC-4), improper traffic sign (SMC-10), clearance of 
power line &trees (SMC-14) etc.). These 15 maintenance components are the critical maintenance components 
that need to be evaluated to assess safety hazardous conditions at straight road section.  
Adverse geometrical condition like median absence, inadequate road width etc. may be due to design flaw 
problems but for the existing road these deficiencies are also need to be rectified as a part of road maintenance 
program to improve road safety. Hence, it is important to consider adverse geometrical condition as a poor 
maintenance component. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Hierarchical Structure to identify critical maintenance components at Straight section affecting road safety 
Hierarchical structure for identification of curve section hazardous conditions is presented in Figure 3. At the 
top curve section hazardous conditions lies aimed to identify all critical maintenance components at curve section 
of a road network. At next level curve section hazardous conditions identifies four major conditions these are (i) 
poor surface condition (CV) (ii) Adverse geometrical condition (CV) (iii) improper furniture condition (CV) (iv) 
Other hazardous condition (CV). Further at next level (i) Poor surface condition (CV) is decomposed in (a) poor 
carriageway condition (CV) (b) poor shoulder condition (CV) and (iv) Other hazardous condition (CV) 
decomposes in (a) Traffic obstruction condition (CV) (b) Poor drainage condition (CV). Finally, this hierarchical 
structure identified 18 critical maintenance components. These components are designated in figure 2 as CMC-1 
to CMC-18 (for example, edge drop (CMC-5), inadequate gradient (CMC-11), improper delineator (CMC-15), 
improper traffic sign (CMC-13), traffic obstructions (CMC-16) etc.). These 18 maintenance components are the 
critical maintenance components that need to be evaluated safety hazardous conditions at curve road section. 
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Figure 3: Hierarchical Structure to identify critical maintenance components at curve section affecting road safety  
Hierarchical structure for identification of intersection hazardous conditions is presented in Figure 4. At the 
top intersection hazardous conditions lies aimed to identify all critical maintenance components at intersection of 
a road network. At next level intersection hazardous conditions identifies four major conditions these are (i) poor 
surface condition (IS) (ii) Adverse geometrical condition (IS) (iii) improper furniture condition (IS) (iv) Other 
hazardous condition (IS). Further at next level (i) Poor surface condition is decomposed in (a) poor carriageway 
condition (IS) (b) poor shoulder condition (IS) and (iv) Other hazardous condition (IS) decomposes in (a) Traffic 
obstruction condition (b) Poor drainage condition. Finally, this hierarchical structure identified 17 critical 
maintenance components. These components are designated in figure 3 as IMC-1 to IMC-17 (for example, 
fractured surface (IMC-3), improper island (IMC-8), improper intersection alignment (IMC-9), improper signal 
(IMC-14), improper drainage etc.). These 17 maintenance components are the critical maintenance components 
that need to be evaluated safety hazardous conditions at intersection. 
Road engineers while going for inspection on roads should evaluate the condition of these identified critical 
maintenance components to improve road safety.  Therefore, in this study a check list is also developed to assist 
road maintenance engineers and staff for assessing road safety hazardous conditions at straight section, at curve 
section and at intersection separately. This check list is provided in Table 3. This check list also provides a 
methodology how the condition of these maintenance components can be measured at different road section.  
Curve Section 
Hazardous Conditions
Poor Carriageway 
Conditions (CV) 
Inadequate Surface 
Condition (CV) 
Other Hazardous 
Condition (CV) 
Poor Shoulder  
Conditions (CV) 
Adverse Geometrical 
Condition (CV) 
Improper Furniture 
Condition (CV) 
Poor Drainage 
Conditions (CV) 
Traffic Obstruction 
Condition (CV) 
Fractured 
Surface (CV) 
(CMC-3) 
Disintegrated 
Surface (CV) 
(CMC-1) 
Distorted 
Surface (CV) 
(CMC-2) 
Poor Surface 
Condition (CV) 
(CMC-4) 
Edge Drop 
(CV) 
(CMC-5) 
Improper Super 
Elevation (CV) 
(CMC-10) 
Inadequate Sight 
Distance (CV) 
(CMC-9) 
Inadequate 
Gradient (CV) 
(CMC-11) 
Inadequate Road 
Width (CV) 
(CMC-6) 
Inadequate Side 
Slope (CV) 
(CMC-7) 
Median 
Absence (CV) 
(CMC-8) 
Improper Street 
Lighting (CV) 
(CMC-14) 
Improper 
Delineator (CV) 
(CMC-15) 
Improper Traffic 
Sign (CV) 
(CMC-13) 
Improper Road 
Marking (CV) 
(CMC-12) 
Clearance of 
power line, 
trees (CV) 
(CMC-16) 
Improper 
Drainage (CV) 
(CMC-17) 
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(CMC-18) 
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Figure 4: Hierarchical Structure to identify critical maintenance components at intersection affecting road safety 
Table 3: Check list for maintenance components to be evaluated for assessing road safety hazardous conditions.  
Maintenance Component Explanation Measurement {Unit} To be evaluated At Section 
   Straight Curve Intersection 
A. Poor Surface Condition     
A.1 Poor Carriageway Condition     
Disintegrated Surface   
 
Potholes, Edge breaking, loss of 
aggregate 
Area disintegrated (% of total Paved  
area) {%} 
      
Distorted Surface  
 
Slippage, rutting, corrugation, 
shallow depressions 
Area distorted (% of total paved 
area) {%} 
      
Fractured Surface  Alligator, longitudinal, Edge cracks  Area fractured (% of total area) {%}       
A.2 Poor Shoulder Condition     
Poor Shoulder Condition  Debris, Vegetation, damaged 
surface   
Area affected (% of total shoulder 
area) {%} 
      
     
Intersection  
Hazardous Conditions 
Adverse Geometrical 
Conditions (IS) 
Other Hazardous 
Condition (IS) 
Improper Furniture 
Conditions (IS) 
Poor Drainage 
Conditions (IS) 
Traffic Obstruction 
Condition (IS) 
Poor Surface  
Condition (IS) 
Poor Carriageway 
Conditions (IS) 
Poor Shoulder  
Conditions (IS) 
Fractured 
Surface (IS) 
(IMC-3) 
Disintegrated 
Surface (IS) 
(IMC-1) 
Distorted 
Surface (IS) 
(IMC-2) 
Improper Traffic 
Sign (IS) 
(IMC-11) 
Improper Street 
Lighting (IS) 
(IMC-12) 
Improper 
Delineator (IS) 
(IMC-13) 
Improper Road 
Marking (IS) 
(IMC-10) 
Improper 
Island (IS) 
(IMC-8) 
Inadequate 
Road Width (IS) 
(IMC-6) 
Improper 
Intersection 
Alignment (IS) 
(IMC-9) 
Inadequate Sight 
Distance (IS) 
(IMC-7) 
Clearance of 
power line, 
trees (IS) 
 (IMC-15) 
Improper 
Drainage (IS) 
 (IMC-16) 
Damaged 
Drainage (IS) 
 (IMC-17) 
Poor Shoulder 
Condition (IS) 
 (IMC-4) 
Edge Drop 
(IS) 
(IMC-5) 
Improper 
Signal (IS) 
(IMC-14) 
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B. Adverse Geometric Condition 
Inadequate Side Slope  Steep side slope Inadequate side slope (% of adequate 
side slope required) {%} 
     
Inadequate Road Width  
 
Less width of Road, shoulder Inadequate width (% of actual road 
width required) {%} 
      
Median Absence Road divider for traffic regulation Inadequate or absence median length 
(% of total road section length) {%} 
     
Inadequate Sight 
Distance 
Inadequate sight distance available 
at horizontal curves  
Inadequate sight distance (% of sight 
distance required) {%} 
    
Inadequate Super 
Elevation 
Inadequate raised outer edge at 
curve  
Inadequate super elevation (% of 
super elevation required) {%} 
    
Inadequate Gradient  Inadequate gradient available at 
vertical curves 
Inadequate gradient (% of gradient 
required) {%} 
    
Improper Intersection 
Alignment  
Improper roads crossing, improper 
sight distance due to inadequate 
radius 
%  length change in alignment for 
proper crossing {%} 
    
Inadequate Island  Inadequate gradient available at 
vertical curves 
Inadequate gradient (% of gradient 
required) {%} 
    
C. Road Furniture Condition     
Improper Road Marking  
 
Dirty & missing traffic signs, wrong 
locations   
No. of improper sign (% of total 
signs required) {%} 
      
Improper Traffic Sign  
 
Faded & poor road marking Improper marking area (% of proper 
marking area required) {%} 
      
Improper signal Signals not working significantly No. of places per road network (nos./ 
road network) {%} 
    
Improper Street Lighting  
 
Not working lighting, absence of 
street lighting 
% of total road length {%}       
Improper Delineator Absence of delineator, improper 
placement 
Inadequate or absence Delineator 
length (% of total road section 
length) {%} 
    
 
D. Other Hazardous Condition     
Obstructions Clearance 
of Power Line, Trees  
 
Obstructions in road traffic flow No. of times/ unit length (% area 
affected of total area) {Nos./ unit 
length} 
      
Improper Drainage  
 
Erosion, Silting, improper 
alignment, inadequate slope of 
drainage, camber 
Improper drainage area (% of total 
drainage area) {%} 
      
Damaged Drainage  
 
Structural damaged drainage like 
pipe cutting 
No. of Places/ unit length {Nos./ unit 
length} 
      
4. Conclusions 
Some of the important conclusions drawn from this study are summarized as follows:  
 Several maintenance components like poor surface condition (big pothole etc.), improper traffic signs and 
marking, poor lighting etc. affects road safety. However, road maintenance is generally limited to 
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improvement of poor surface condition mainly and other conditions like adverse geometrical condition, 
improper safety furniture condition and other safety hazardous conditions essential to create a safe road 
network are neglected.  
 Huge resources are required to maintain the road network in safe operating condition. Thus, identification of 
critical maintenance components and their ill effects on road safety is an important task of assessing the 
maintenance needs for improving road network safety. 
 A critical review of the literature indicated that limited studies are available on identification of ill effects of 
various maintenance components on road safety. Hence, this study presents how poor maintenance of 
various road components leads to road accident and also identifies effectiveness of various maintenance 
components in reducing road accidents. 
 A hierarchical structure is developed on the basis of ill effect of poor maintenance on road safety and by 
considering inter relationship between various maintenance components and sub components. It is identified 
that road safety hazardous conditions consists three major conditions these are straight section hazardous 
condition, curve section hazardous condition and intersection hazardous condition. Each of these conditions 
is further decomposed into four conditions these are Poor surface condition, adverse geometrical condition, 
improper furniture condition and other hazardous condition.    
 As various components at straight section, at curve section and at intersection may have different importance 
for maintenance to improve road safety. Hence, three different hierarchical structures are developed for 
safety hazardous conditions at straight section, at curve section and at intersections respectively. 
 A check list is also developed in this study to assist road maintenance engineers and staff for assessing road 
safety hazardous conditions at straight section, at curve section and at intersection separately and also 
proposes a methodology as to how the condition of these maintenance components can be measured at 
different road section.  
It is expected that this study will be useful for assessing the maintenance needs and to assess the effectiveness of 
various maintenance components in safety improvement. Thus, the study will also be useful to justify the 
resource requirement for road safety improvement. 
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